The ultrasonic intensity threshold for producing lesions in mammalian brain tissue is not a strong function of frequency (over the range of 1-10 MHz) for exposures longer than 1 sec. A model is presented to explain this apparent lack of frequency dependence. It is assumed that the maximum temperature developed in the lesion volume for a given pulse duration is determined (1) by the absorption coefficient O f that tissue, and (2) by the distribution of the acoustic intensity over the treated volume (sharpness of the beam). The former is observed experimentally to be nearly linearly dependent upon frequency in the range 1-10 MHz, and the latter, for a good lens, is related inversely to frequency. Temperature calculations which account for heat loss by diffusion as well as the frequency dependence for the beam geometry and the absorption coefficient are presented. These lead to nearly frequency independent curves for threshold dosages beyond 1-see exposure, giving credence to the suggestion that thermal proceases may be predominant for such exposures.
INTRODUCTION
The use of the focused ultrasound to produce structural changes in brain tissue (lesions) has been studied over a broad range of single pulse exposures (20 000 W/cm 2 for 3 X 10 • sec to 50 W/cm 2 for 3 X 102 sec) by several investigators2 -a The data are conveniently presented as a dosage curve of acoustic intensity versus pulse duration for threshold lesions (Fig. 1) . For pulse durations less than 40 msec, the lesions are attributed to a cavitation mechanism and an expected increase in threshold intensity with an increase in frequency is observed2 Lesions produced for pulse durations on the order of 1 sec and greater are attributed to a thermal A model is presented here to explain the apparent lack of frequency dependence observed for 1-to 100-see pulse durations. Qualitatively, it is argued that the lack of frequency dependence over the 1-10 MHz range for thermal lesions is a result of a fortuitous combination of an increase in absorption coefficient with a concommitant decrease in the focal volume, as frequency is increased. It is found that for a given pulse duration, a range of frequencies exists such that the increase in heat generation due to increased frequency (via absorption coefficient) is compensated by increased heat loss due to diffusion and, therefore, the intensity to produce a given temperature increase is not strongly frequency dependent. 
where a is the sound-pressure absorption coefficient and I is the ultrasonic intensity. The axial variation of the intensity of sound in a plane wave is
I (z) ----]Co exp ( --2az),
where z is the coordinate along the direction of propagation. Since the axial dimension B of the acoustic intensity distribution is small by comparison with a -•, i.e., 2aB(<l, the variation in intensity along the length of the focal region due to absorption has been neglected in the calculations. 6
The intensity distribution of the field of a focused acoustic transducer does not correspond to' the discrete heat source idealized in Fig. 2 (Fig. 1) . The theoretical considerations leading to these predictions are based entirely upon the effects of heat, viz., the heat production by absorption of ultrasound in the tissue and the diffusion of heat away from the region of production. These considerations support the view that at threshold intensities for exposure times in excess of one second, the destruction of tissue is dominated by thermal processes.
